INTRODUCTION
============

Prostate cancer is the most common cancer in men. Its incidence has increased annually \[[@B1]\]. Laparoscopic radical prostatectomy (LARP) is one of the effective treatments for prostate cancer. Laparoscopic surgery is known to bring decreased postoperative pain and early recovery. However, many patients often complain of post-incisional pain that causes postoperative atelectasis, agitation, cardiovascular instability, and prolonged hospitalization \[[@B2][@B3][@B4]\].

Patient-controlled analgesia (PCA) is usually used for postoperative pain management \[[@B5][@B6]\]. However, there is a lack of evidence to develop an optimal pain management protocol in patients undergoing LARP. Patient-controlled epidural analgesia (PCEA), patient-controlled intravascular analgesia (PCIA), and single use analgesics have been applied for postoperative pain management in LARP \[[@B7][@B8][@B9]\]. Although PCEA is known to be more advantageous in controlling pain than PCIA, PCEA is a pain-inducing procedure that is inconvenient due to the requirement that the patient remain catheterized on the back. PCIA also has side effects from the use of opioids.

Therefore, it is necessary to investigate which analgesic method is more advantageous for LARP. The objective of this study was to investigate the analgesic effects of PCEA and PCIA on acute postoperative pain in LARP.

MATERIALS AND METHODS
=====================

1. Study design
---------------

A prospective and randomized study was conducted at a university hospital between July 2016 and January 2017. This study was approved by the Institutional Review Board for Human Experiments at University Hospital Medical Research Institute. It was registered with the Clinical Research Information Service, conforming to the World Health Organization International Clinical Trials Registry Platform (WHO-ICTRP) (registration number: KCT000 2245). All patients provided informed consent before surgery.

2. Subjects
-----------

Forty ASA I or II patients aged 45 to 75 years old who were scheduled for LARP were included. Patients who did not qualify for treatment with morphine, nefopam, ropivacaine, oxycodone, or epidural procedures, who could not use the numeric rating scale (NRS), or who had a psychological disorder, chronic pain disorder, renal failure, hepatic failure, or preoperative administration of medications including opioids, antidepressants, gabapentin, pregabalin, and carbamazepine, were excluded. Patients were randomly divided into a PCEA group and a PCIA group. We explained both methods for pain management to all patients. If they refused either method, they were excluded.

3. Treatment
------------

After patients arrived in the operating room, their heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), mean blood pressure (MBP), and respiratory rate (RR) were obtained. Glycopyrrolate (0.2 mg) was intramuscularly injected in all patients 30 m before induction of anesthesia. The bispectral index (BIS, XP version 4.1; Aspect Medical Systems, Newton, MA) was monitored to measure the depth of the anesthesia. Train of four (TOF) monitoring was used to measure the depth of the neuromuscular block. The patient\'s left arm was spread with the palm facing up and two electrodes were placed over the path of the ulnar nerve. The distal electrode was placed at the flexor crease and the second electrode was placed 1--2 cm proximal to the first, parallel to the flexor carpi ulnaris tendon.

The epidural catheter was inserted before anesthesia induction in the PCEA group. With the patient in the right side lateral position, the catheter was inserted to a depth of 3--4 cm on the 10^th^ thoracic vertebra level (T10). We used a Touhy\'s needle for the procedure, and a glass syringe filled with normal saline used in loss of resistance technique. After the test dose (3 ml of 1% lidocaine and 1:200,000 epinephrine) was administered, patients received 0.2% ropivacaine 7 ml and 3 mg morphine sulfate as a loading dose before the incision.

Anesthesia was induced with 2 mg/kg propofol and 0.8 mg/kg rocuronium. Desflurane at a concentration of 1 minimal alveolar concentration (MAC) was used to maintain anesthesia in both groups. Its dose was increased or decreased within 20% depending on vital sign and BIS. Tidal volume of 7 ml/kg was used based on ideal body weight. Respiratory rate was controlled to maintain end-tidal CO~2~ between 35 and 40 mmHg.

Remifentanil in the PCIA group and the bolus dose (0.2% ropivacaine 3 ml and 0.1 mg morphine sulfate) in the PCEA group were controlled to maintain vital signs within 20% of their basal levels. In the PCEA group, the lock-out interval was 30 minutes. There was no preset four-hour limit volume. If TOF count was above 2 or a surgeon requested relaxation for a better surgical view, 0.1 mg/kg rocuronium was injected. An antiemetic and loading dose of 20 mg nefopam and 5 mg oxycodone in the PCIA group, or 0.2% ropivacaine 3 ml and 0.1 mg morphine sulfate in the PCEA group were administered at 30 minutes before the end of surgery. Patients received pain control via a PCA device (GemStar® Infusion System, Hospira, Lake Forest, IL) in both groups. PCIA was started after the end of surgery with a bolus dose of 1 ml (oxycodone 1 mg and nefopam 1 mg), a lock-out interval of 6 minutes, and a four-hour limit volume of 40 ml. In this study, both PCIA and PCEA were set at bolus only mode.

After the operation, 10 mg pyridostigmine and 0.4 mg glycopyrrolate were administered intravenously to all patients. They were then transferred to the post-anesthesia care unit (PACU). They stayed there until the Aldrete score was greater than 8. If patients complained of severe pain (NRS \> 5), we recommended that they press the button instead of administering rescue analgesics. If the pain was not relieved, fentanyl 50 µg was administered.

4. Assessment
-------------

The primary outcome was considered to be the analgesic effect, while secondary outcomes included the satisfaction of patients, incidence of side-effects, and anesthetic outcomes such as the estimated blood loss (EBL), vital sign, BIS, TOF, added rocuronium count, and so on.

Before the operation, history of motion sickness and smoking history were checked. We recorded laparoscopic gas insufflation time, gas insufflated pressure, peak airway pressure (Ppeak), end-tidal CO~2~ (ETCO~2~), RR, vital signs, BIS score, TOF count, desflurane concentration, added rocuronium count (0.1 mg/kg per bolus), and use of ephedrine during the operation.

NRS, accumulative PCA count, side effects, Ramsay sedation scale (1 = anxious, agitated, or restless; 2 = cooperative, oriented, and tranquil; 3 = responds to command; 4 = brisk response to a light glabellar tap or loud auditory stimulus; 5 = sluggish response to a light glabellar tap or loud auditory stimulus; and 6 = no response to the stimuli), and adjuvant drugs were recorded at 1, 6, 24, 48 h after the operation. Accumulated PCA count recorded the actual number of times that a bolus was administered, not the number of times it was pressed.

Nausea was classified into three grades: 1 = mild; 2 = moderate; and 3 = severe. If patients complained of nausea above grade 2, then 4 mg ondansetron was intravenous administered. Vomiting was graded into two grades: 1 = \< 4 times of vomiting; and 2 = ≥ 4 times of vomiting. The satisfaction levels of the patients were obtained at 48 h after the operation. Patients were asked to rank their satisfaction with their pain management, side-effects, and inconvenience according to the following scale: 1 = very unsatisfactory; 2 = unsatisfactory; 3 = neutral; 4 = satisfactory; and 5 = very satisfactory.

5. Statistical analysis
-----------------------

An estimated sample size indicated that 16 patients per group would give a β-risk of 80% at α-level of 0.05 for detecting a difference in NRS (2 vs. 3) of at least 1 at 1 hour after the operation with a standard deviation of 1.0 for each group in the preliminary test. We enrolled 40 subjects for this study, to be prepared for a 10% exclusion rate.

Demographic data are expressed as mean ± SD. They were compared using the Student\'s t-test and Chi-square test. Anesthetic data of the operation were compared using the Mann-Whitney test. The incidence of side effects was compared using the Chi-square test. Satisfaction scores were also compared using the Chi-square test. Laparoscopic gas insufflation pressure, Ppeak, ETCO~2~, RR, vital signs, BIS score, TOF, NRS, and accumulated PCA dose were compared using two-way repeated measures ANOVA.

A probability of \< 0.05 was considered to be statistically significant. SPSS version 21.0 (IBM statistics data editor SPSS Inc., Chicago, IL) was used for all statistical analyses.

RESULTS
=======

Two patients were excluded due to refusal to participate in this study while two patients in the PCEA group discontinued participation because of difficult condition for the epidural procedure ([Fig. 1](#F1){ref-type="fig"}).

There were no significant differences in weight, height, adjustable body weight (ABW), age, anesthesia time, operation time, gas insufflation time, insufflated pressure, infused fluid, use of ephedrine, history of motion sickness, smoking, incidence of transfusion, or hospital stay between the two groups. EBL, added rocuronium count, and additional analgesics count in the PCEA group were less than those in the PCIA group ([Table 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}, all *P* \< 0.05). There were no significant differences in side-effects after the operation between the two groups ([Table 3](#T3){ref-type="table"}).

Patients were more satisfied with PCEA than with PCIA (*P* = 0.049).

Ppeak, RR, ETCO~2~, HR, saturation, and TOF count were not significantly different between the two groups. SBP, DBP, and MBP in the PCEA group were lower than those in the PCIA group ([Fig. 2](#F2){ref-type="fig"}, all *P* \< 0.005).

The NRS and accumulated PCA count were lower in the PCEA group than those in the PCIA group ([Fig. 3](#F3){ref-type="fig"}, both *P* \< 0.005).

DISCUSSION
==========

In this study, we showed that thoracic epidural anesthesia was more effective by producing less estimated blood loss, and that patients in the PCEA group showed lower NRS scores than those in the PCIA group. PCEA provided better pain management and greater satisfaction to patients than PCIA.

We used oxycodone and nefopam for PCIA and morphine and ropivacaine for PCEA, based on our hospital\'s protocol. We decided that it was unnecessary to unify all drugs because patients adjust the dose by using PCA. Since PCA itself does not accurately determine the dose and it is a patient-controlled dose, it can be concluded that the efficacy is good if the NRS scores were kept low. In addition, even if efficacy is good, if PCA is accompanied by many side effects, it may be difficult to apply it to the actual patient. In the present study, it was not accompanied by many side effects.

The primary outcome in this study was the analgesic effects on acute postoperative pain. Sample size was determined by detecting difference in the NRS at 1 hour postoperatively. Usually, postoperative pain is more severe in the acute postoperative period and one hour is sufficient to eliminate the effects of opioids and anesthetics administered during the operation.

There have been many studies about pain management for radical prostatectomy. They usually show that PCEA is an efficient method for pain management after radical prostatectomy \[[@B9]\]. Some studies have suggested that the disadvantages of PCEA appear to outweigh its advantages. Longer hospital stays and higher rates of epidural-related side-effects have been found in the epidural group (17/115 = 14.8%) than those in the non-epidural group (6/124 = 4.8%) \[[@B10]\]. Wheatley et al. \[[@B11]\] have suggested that, although minimally invasive procedures are less painful, there are more adverse effects associated with epidural analgesia. However, in this study, hospital stays in the PCEA group were not significantly different from those in the PCIA group. Epidural related side-effects did not show up either. If there were more epidural procedure-related complications in the PCEA group, the conclusion might have been different. Patients in the PCEA group needed fewer analgesics, and pain complaints were fewer than with patients in the PCIA group after the operation, without showing increased adverse effects related to epidural analgesia. These results suggest that less pain, less analgesic need, and less opioid consumption in the PCEA group might have led to more satisfied patients.

Formulations of PCIA and PCEA are determined by a hospital\'s protocol. Both PCIA and PCEA are set with bolus only mode because there is no difference in pain management between bolus with background infusion and bolus only groups \[[@B12][@B13]\]. For PCIA, oxycodone and nefopam are used. Nefopam is a centrally-acting non-opioid analgesic which has no effect on bleeding time or platelet aggregation. A nefopam and oxycodone combination shows similar efficacy, but lower incidence of nausea within 6 h after the operation compared to ketorolac and oxycodone in PCIA after gynecologic surgery \[[@B14]\].

Epidural morphine and ropivacaine were used in this study. Compared to local anesthetic or an opioid alone, a local anesthetic-opioid combination provides superior postoperative analgesia. It limits regression of the sensory blockade and possibly decreases the dose of the local anesthetic administered \[[@B13]\]. A morphine and ropivacaine combination has been found to be superior to the fentanyl and ropivacaine combination in thoracic surgery \[[@B15]\]. There was a reduced number of infusion interventions and less inadequate patient analgesia \[[@B15]\]. Another study has also shown that morphine and ropivacaine PCEA demonstrates an excellent safety and efficacy profile compared to sufentanil and ropivacaine PCEA \[[@B16]\].

In the present study, combined thoracic epidural anesthesia did not improve surgical field or respiratory conditions during the operation. There was no significant difference in Ppeak or intraabdominal gas insufflation pressure either. One study has suggested that combined general and epidural anesthesia may attenuate the severity of postoperative diaphragmatic dysfunction after robot-assisted laparoscopic radical prostatectomy compared to conventional general anesthesia \[[@B7]\]. Diaphragmatic inspiratory amplitude was not measured in this study. The use of rocuronium in the PCEA group was decreased, suggesting that epidural anesthesia could help muscle relaxation for surgery to maintain an optimal surgical condition. Significant reduction in the requirement of vecuronium during maintenance in the PCEA group has also been observed in another study \[[@B17]\].

Our findings revealed that estimated blood loss during operation in the PCEA group was lower than that in the PCIA group. Decreased blood pressure from epidural anesthesia might have influenced blood loss. Hendolin et al. \[[@B18]\] have also shown that the mean perioperative blood loss during operations under epidural analgesia is significantly less than that under general anesthesia (370 ± 34 ml vs. 590 ± 34 ml vs. 590 ± 35 ml). However, another study has reported that the hemoglobin difference between preand the first postoperative day did not show group differences in overall blood loss (general anesthesia + thoracic epidural analgesia: 665 ± 431.5 ml; only general anesthesia: 705 ± 881 ml; *P* = 0.73) or transfusion rate (0.4% intraoperatively; 2.55% postoperatively; *P* = 1.0) \[[@B19]\].

In conclusion, PCEA showed a greater effect on postoperative pain relief and patient satisfaction than PCIA. Epidural anesthesia also induced less blood loss during the operation. Although PCEA has some risk of procedure-related side effects with less benefit on minimal invasive operation, it is an effective pain controlling method for LARP.
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![Study flow chart with individual causes of study interruptions and dropouts. The flow chart of this study was according to the CONSORT Statement.](kjpain-31-191-g001){#F1}

![Blood pressure during laparoscopic radical prostatectomy. 2a. Systolic blood pressure (SBP), 2b. Diastolic blood pressure (DBP), 2c. Mean blood pressure (MBP). Systolic blood pressure (SBP), diastolic blood pressure (DBP), and mean blood pressure (MBP) of the PCEA group are lower than those of the PCIA group. B: baseline, I0: intubation time, I1: incision time, I2: insufflation time, I3: prostatectomy time, I4: anastomosis time, D: deflation. ^\*^*P* \< 0.05 compared with PCIA group.](kjpain-31-191-g002){#F2}

![Numeric rating scale (NRS) of pain intensity and accumulated PCA count at 1, 6, 24 and 48 h after the operation. (A) Numeric rating scale (NRS) of pain intensity at 1, 6, 24 and 48 h after the operation. Both groups show a decrease in pain as the time passed. In all period, lower NRS are recorded in Patient-controlled epidural analgesia (PCEA) group than patient-controlled intravascular analgesia (PCIA). Values are expressed as mean ± SD. ^\*^*P* \< 0.05 compared with PCIA group. (B) Accumulated PCA count at 1, 6, 24 and 48 h after the operation. Lower accumulated patient-controlled analgesia (PCA) counts are recorded in the patient-controlled epidural analgesia (PCEA) group than the patient-controlled intravascular analgesia (PCIA). Values are expressed as mean ± SD. ed with PCIA group. Data are expressed as mean ± SD.](kjpain-31-191-g003){#F3}

###### Demographic Data

![](kjpain-31-191-i001)

There are no differences in weight, height, adjustable body weight (ABW), history of motion sickness and smoking, and age between both groups. Data are expressed as mean ± standard deviation (SD).

###### Anesthetic Data

![](kjpain-31-191-i002)

There are no differences in anesthesia time, operation time, gas insufflation time, insufflated pressure, infused fluid, use of ephedrine, incidence of transfusion and duration of hospital stay between both groups. Estimated blood loss and added rocuronium count (0.2 mg/kg per 1 count) and analgesics count in the patient-controlled epidural analgesia (PCEA) group are less than those of the patient-controlled intravascular analgesia (PCIA) groups. Data are expressed as mean and standard deviation (SD). ^\*^: *P* \< 0.05 between groups.

###### Side Effects of Patient-Controlled Analgesia

![](kjpain-31-191-i003)

There are no significant differences in side effects after the operation between both groups. Data are expressed as numbers. Nausea is classified into three grades: 1 = mild; 2 = moderate; and 3 = severe. Vomiting is classified into two grades: 1 = \< 4 times of vomiting; 2 = ≥ 4 times of vomiting.
